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BACKGROUND OF THE INVENTION 
The present invention relates generally to communications systems for 
15 vehicles and, in particular, to a low profile antenna for a remote vehicle 
communication system. 

An antenna is a metallic structure capable of receiving and/or emitting radio 
frequency (RF) energy, typically as part of a communication system. Remote 
communication systems are becoming more popular as part of options or standard 
20 features for vehicles including, but not limited to, remote keyless entry systems, 
remote engine start systems, and the like. 

Typically, the antenna for the remote vehicle communication system is 
mounted in the engine compartment, close to the battery and the system it is 
intended to operate or communicate with. Many of these antennas, such as dipole 
25 antennas or the like, have a large profile and occupy a correspondingly large amount 
of space in the already cramped engine compartment or are otherwise incompatible 
with styling or manufacturing requirements. Those antennas that are not bulky often 
do not perform well enough to satisfy the ever-increasing activation range 
requirements for the communication systems. 
30 It is desirable, therefore, to provide a low profile antenna for a vehicle 
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communication system having increased gain and having a low profile so as to 
occupy as little physical space in the engine compartment as possible. 

SUMMARY OF THE INVENTION 
5 A low profile antenna for use in a vehicle remote communication system in 

accordance with the present invention includes a printed circuit board having a 
copper ground plane mounted on a first side thereof. A dielectric spacer is mounted 
to the first side of the printed circuit board. A lineal antenna trace is disposed on the 
dielectric spacer. The antenna also includes a transmission line having first and 
10 second signal conductors. The first conductor is coupled to a feed point on the 
lineal antenna trace and the second conductor is coupled to both the ground plane 
and a second point on the lineal antenna trace spaced from the feed point. 

The low profile antenna in accordance with the present invention 
advantageously provides high gain antenna having increased reception and 
15 transmission range that occupies little physical space. 

DESCRIPTION OF THE DRAWINGS 
The above, as well as other advantages of the present invention, will become 
readily apparent to those skilled in the art from the following detailed description of 
20 a preferred embodiment when considered in the light of the accompanying drawings 
in which: 

Fig. 1 is a schematic top plan view of a low profile antenna for a vehicle 
communication system in accordance with the present invention; 

Fig. 2 is a schematic side elevation view of the low profile antenna of Fig. 1; 
25 Fig. 3 is a top perspective view the low profile antenna shown in Fig. 1; 

Fig. 4 is a top perspective view of an alternative embodiment of a low profile 
antenna in accordance with the present invention; and 

Fig. 5 is a bottom perspective view of the low profile antenna shown in Fig. 

4. 

30 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to Figs 1-3, a low profile antenna for use in a vehicle remote 
communication system (not shown) in accordance with the present invention is 
indicated generally at 10. The remote communication system may be, but is not 
5 limited to, an engine remote start communication system, a vehicle remote keyless 
entry communication system, and a tire pressure monitoring communication 
system. 

The low profile antenna 10 includes a substantially circular printed circuit 
board 12 having a first side 14 and a second side 16. The circuit board 12 may be 

10 formed in any advantageous shape such as square, rectangular, or the like and, 
alternatively, may be replaced by any type of mounting substrate, such as a metallic 
plate or the like. A ground plane 18 is mounted on the first side 14 of the circuit 
board 12. The ground plane 18 is preferably constructed of copper or a similar 
material having good electrical conductivity properties. 

15 A dielectric spacer 20 is mounted on the first side 14 of the circuit board 12 

on top of the ground plane 18. The dielectric spacer 20 is generally rectangular- 
shaped and is preferably constructed of a plastic foam material or a similar material 
having similar dielectric properties. Preferably, the dielectric spacer 20 is a 
monolithic piece of plastic foam. Alternatively, the dielectric spacer 20 is formed in 

20 a hollow construction, with the air entrapped in the interior of the dielectric spacer 
20 acting as an insulating dielectric along with the plastic foam material. 
Alternatively, the dielectric spacer 20 conforms to the substantially circular 
dimensions of the circuit board 12 and is substantially disk-shaped (not shown). 

A lineal antenna trace 22 is disposed on an upper surface 24 of the dielectric 

25 spacer 20. The lineal antenna trace 22 is formed in a serpentine configuration on the 
surface 24 of the dielectric spacer 20. The lineal antenna trace 22 is preferably 
formed of copper or a similar material having good electrical conductivity 
properties. A copper foil tape may be used or a separate adhesive can be applied in 
order to maintain the trace 22 in place on the dielectric spacer 20. The lineal 

30 antenna trace 22 includes a middle region 26, a first end region 28, and a second end 



region 30, best seen in Fig. 3. The dielectric spacer 20 has a predetermined 
thickness to provide a distance between the lineal antenna trace 22 and the ground 
plane 1 8. The thickness of the dielectric spacer 20 may vary and is determined by 
the requirements of the antenna 10. The lineal antenna trace 22 has a predetermined 
5 thickness, which may vary and is also determined by the requirements of the antenna 
10. 

The low profile antenna 10 also includes a transmission line 32 having a first 
signal conductor 34 and a second signal conductor 36, best seen in Fig. 2. The first 
signal conductor 34 is preferably the central conductor or channel of a coaxial cable 

10 and the second signal conductor 36 is preferably the ground conductor or outer 
shield of the coaxial cable. The first conductor 34 is coupled to a feed point 38 on 
the lineal antenna trace 22 and the second conductor 36 is coupled to both the 
ground plane 18 and a second point 40 on the lineal antenna trace 22. The second 
point 40 is spaced apart from the feed point 38 by a predetermined distance, which 

15 distance is determined by a matching standing wave ratio (SWR) of the antenna 10 
at a desired receiving frequency. The distance between the second point 40 and the 
feed point 38 is preferably much less than one quarter wavelength of a received RF 
signal. Preferably, the feed point 38 is located adjacent to the first end region 28 of 
the lineal antenna trace 22, and the second point 40 is located on the middle region 

20 26 of the antenna trace 22. The transmission line 32 connects the antenna 10 with a 
receiver of the remote communication system. 

The special construction of the antenna 10, in particular the respective 
distances between the feed point 38, the second end region 30, the second point 40 
and the ground plane 18, as well as the shape and length of the lineal antenna trace 

25 22, determines the unique performance of the antenna 10 having enhanced SWR 
and gain. 

Referring now to Fig. 4-5, an alternative embodiment of a low profile 
antenna is indicated generally at 100. The low profile antenna 100 includes a 
multi-layer printed circuit board 112 having a first layer 114, best seen in Fig. 5, 
30 and a second layer 1 16. A ground plane 118, best seen in Fig. 5, is mounted on a 
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first side of the first layer 1 14 of the circuit board 1 12. The ground plane 1 18 is 
preferably constructed of copper or a similar material having good electrical 
conductivity properties. The second layer 1 16 is disposed on a side of the ground 
plane 118 opposite the first layer 1 14. Alternatively, the circuit board 1 12 is 
5 replaced by a mounting substrate, such as metallic plate or the like. If provided, 
the metallic plate acts as the ground plane for the antenna 10 or 100 and there is 
no separate ground plane, such as the ground planes 1 8 or 1 1 8. 

A lineal antenna trace 122 is disposed on an upper surface 124 of an 
intermediate support member 123 that is spaced apart by a distance 120 from an 

10 upper surface the second layer 1 16 of the circuit board 112. The air in the distance 
120 functions as a dielectric for the antenna 100, in a function similar to the 
dielectric spacer 20 for the antenna 10. The support member 123 may be a plastic 
sheet or similar device. The lineal antenna trace 122 also includes a planar or block 
portion 125 on the surface 124 of the support member 123. The lineal antenna trace 

15 122 is preferably formed of copper or a similar material having good electrical 
conductivity properties. A copper foil tape may be used or a separate adhesive can 
be applied in order to maintain the trace 122 in place on the support member 123. 
The lineal antenna trace 122 includes a middle region 126, a first end region 128, 
and a second end region 130, best seen in Fig. 4. The distance 120 is a 

20 predetermined distance between the lineal antenna trace 122 and the ground plane 
118. The distance 120 may vary and is determined by the requirements of the 
antenna 100. The lineal antenna trace 122 has a predetermined thickness, which 
may vary and is also determined by the requirements of the antenna 100. 

The low profile antenna 100 also includes a transmission line 132 mounted 

25 on the printed circuit board 112 and having a first signal conductor (not shown) and 
a second signal conductor (not shown), such as the first signal conductor 34 and the 
second signal conductor 36 shown in Fig. 2. The first signal conductor is preferably 
the central conductor or channel of a coaxial cable and the second signal conductor 
is preferably the ground conductor or channel of the coaxial cable. A feed point 138 

30 and a second point 140 each extends from the lineal antenna trace 122. The feed 



point 138 and the second point 140 are connected to a plurality of components, 
indicated generally at 133 and best seen in Fig. 5, mounted on a second side of the 
first layer 1 14. Preferably, the feed point 138 and the second point 140 provide 
support on one end of the support member 123 and a spacer 121 provides support on 
5 another end of the support member 123 to maintain the distance 120 between the 
trace 122 and the ground plane 118. The components 133 are preferably active 
components including, but not limited to, a low noise amplifier (not shown) or the 
like. The feed point 138 is connected to the first signal conductor of the 
transmission line 132 through at least one of the components 133 and the second 

10 point 140 is connected to the second signal conductor of the transmission line 132 
and the ground plane 118 through at least another one of the components 133. The 
second point 140 is spaced apart from the feed point 138 by a predetermined 
distance, which distance is determined by a matching SWR of the antenna 100 at a 
desired receiving frequency. The distance between the second point 140 and the 

1 5 feed point 1 38 is preferably much less than one quarter wavelength of a received RF 
signal. Preferably, the feed point 138 is located adjacent to the first end region 128 
of the lineal antenna trace 122, and the second point 140 is located on the middle 
region 126 of the antenna trace 122. The transmission line 132 connects the antenna 
100 with the remote communication system. 

20 By locating the components 133 on the second side of the first layer 1 14, the 

components 133 are separated from the lineal antenna trace 122 by the ground plane 
118, which provides good RF isolation between the components 133 and the 
antenna trace 122. In addition, the planar or block portion 125 results in a better 
SWR and thus increases the gain of the antenna 100 by one or two dB. 

25 The second layer 1 16 of the printed circuit board 1 12 protects the ground 

plane 118, but has insufficient thickness to avoid the need for the distance 120. 

The antenna 10 and 100 in accordance with the present invention is a high 
gain antenna for remote communication systems such as remote start applications 
requiring long activation range. The antenna 10 or 100 in accordance with the 

30 present invention advantageously achieves a performance close to that of a large 
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antenna, such as a dipole antenna, without occupying as much space as a typical 
dipole antenna, making the antenna 10 or 100 suitable for a variety of vehicle 
remote communication systems. 

In accordance with the provisions of the patent statutes, the present 
5 invention has been described in what is considered to represent its preferred 
embodiment. However, it should be noted that the invention can be practiced 
otherwise than as specifically illustrated and described without departing from its 
spirit or scope. 
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